Studies were initiated at the Institute of Marine Research, Bergen, in 1984 with the aim of improving the reliability of bottom trawl and acoustic survey results for cod and haddock in the Barents Sea. Spread of the wings and doors and height of the trawl were measured during fishing operations, and acoustic recordings of fish densities were obtained. The observations revealed several aspects of geometry and performance of the gear that could reduce its efficiency for sampling different species and size-groups. The acoustic recordings indicated that fish density has a substantial influence on the correlation between estimates of abundance from trawl catches and from acoustic recordings. Furthermore, a day-night discrepancy of integrated acoustic fish abundance was indicated.
Introduction
The Institute of Marine Research, Bergen, Norway, has carried out combined bottom-trawl and acoustic surveys of cod (Gadus morhua) and haddock (Me/anogrammus aeg/efinus) stocks in the Barents Sea and the Svalbard areas since 1981 ( Fig. 1) . The results indicated that trawl catches did not accurately reflect the true age structure of cod in the survey area, with fish less than 4 years old being progressively underrepresented in the catches. In addition, there were large discrepancies between the estimates of stock size from the results of the two types of surveys (Hylen and Nakken, MS 1983; Hylen et a/., 1987) , with the estimates from trawl surveys being consistently much lower than those based on acoustic data. The trawl surveys also showed that catching efficiency of the gear differed from ship to ship. The various vessels which participated in the surveys used the same standard trawl and rigging but with four different doors.
In 1984, the Institute of Marine Research and the Institute of Fishery Technology Research initiated a cooperative research program to improve the reliability of survey results. The first effort in the program was the measurement of the research trawl's geometry during fishing operations, because the shape and motions of the trawl and the doors and bridles influence the efficiency and selectivity of the gear. Results from a preliminary experiment (Enqas and West, 1987) identified gear performance characteristics that might influence the sampling efficiency of the trawl.
In this paper, the results of a later experiment are presented, with particular focus on evaluation of the effects of different designs and sizes of trawl doors on gear geometry. In addition, acoustic investigations were carried out with the aim of isolating the effects of http://journal.nafo.int variation in vertical distribution and density of fish on abundance estimation.
Materials and Methods
Gear measurements and acoustic investigations were carried out in a limited area of the Barents Sea aboard the research vessel G. O. Sars during 18-26 January 1985 (Fig.1) . The experimental trawl was the standard Norwegian research trawl for sampling bottom fish and shrimp in the Barents Sea and Svalbard areas, namely the Campel1800 (Fig. 2) . The bridle and rigging are also illustrated. Since the surveys in the Barents Sea and Svalbard areas are carried out with bridle lengths of 40 and 80 m respectively, both lengths were used in the experiments. The three kinds of trawl doors that are normally used on the research vessels . were tested: 7.5 m 2 Waco-doors (3.25 x 2.25 m, 1,750 kg), 6.0 m 2 Waco-doors (3.00 x 2.00 m, 1,500 kg), and 6.4 m 2 Vee-doors (3.65 x 2.02 m, 1,750 kg). The fourth type of door (8 m 2 Waco) was tested by Engas and West (1987) .
The duration of tow was 1 hr at a speed of 1.5 m/sec (Doppler-log). The possible effect of currents on gear dimensions was examined by repetition of several tows in the opposite direction. Tows were made during daylight and darkness, with the daytime (including to some extent dawn and dusk) defined as the period from 0730 hr to 1330 hr GMT. The gear dimensions (i.e. headline height, wing spread and distance between the doors) were measured with acoustic trawl instruments (SCANMAR). Wing-spread measurements were obtained by attaching the instruments to the upper bridles approximately 0.25 m ahead of the wings. For the door-spread measurements, the instruments were attached to the upper backstraps about 2.5 m behind the doors. All three gear parameters were measured simultaneously during each individual tow.
The acoustic results were obtained with a Simrad EK-400 38 khz echo-sounder in conjunction with an echo-integrator which was developed by the Institute of Marine Research, Bergen (Blindheim et al., 1982) . Standard instrument settings that are normally used during all routine surveys for cod and haddock in the Bar-ents Sea were applied. The only exception was the height of the bottom channel (an integration area of specific thickness following the bottom contour). It was 4 m during the greater part of the experiment instead of the standard 10 m.ln this paper, recordings above the bottom channel are called "pelagic" recordings.
The methods of sampling and estimation of acoustic abundance were described by Dalen and Nakken (MS 1983) . The notation "integrator value" is the output value from the integrator, which was judged as cod-haddock registration by its character and by the species composition of the trawl catches. During routine surveys, cod and haddock are considered as one category, and determination of the abundance of the two species is based on their relative abundance in the trawl catches.
Results

Trawl dimensions
Measurements were obtained during 28 bottomtrawl tows with three different door types (Table 1) . Direction of tow did not seem to have any influence on the trawl dimensions. Waco-doors (7.5 m-). Observations were made during eight bottom tows with these doors. During the first five tows, the rigging of the doors was the same as that which is normally used on the survey vessel. The measurements of the vertical opening ranged from 3.5 to 3.9 m and the wing-spread from 19.0 to 20.5 m. The door-spread was quite stable, with measurements varying from 63 to 68 m for the 40 m bridles and from 81 to 89 m for the 80 m bridles. From these figures, the bridle angles were calculated to be about 25 and 21 degrees respectively. However, the difference between these bridle angles had no apparent effect on headline height and wing-spread of the trawl. For the last three tows of the series, the rigging of the doors was changed to minimize the angle of their attack, but no effect on the gear parameters was recorded.
Waco-doors (6.0 m-). Observations were made during 14 tows with these doors (Table 1) . During the fi rst eight tows, the rigging was the same as that normally used on the survey vessel. At a depth of 150 m, these doors resulted in higher vertical opening of the trawl (3.8-4.2 m) and lower wing-spread (17.5-18.5 m) and door-spread (51-58 m) than the 7.5 m 2 doors. The bridle angle was about 20 degrees for the 40 m bridles. Tows at greater depths (250-300 m) indicated a slight increase in wing-spread and door-spread. For the remaining six tows of this series, the doors were rigged to minimize the angle of their attack, but no apparent effect on wing-spread and door-spread was recorded. With 80 m bridles (tows 14a and 14b), the bridle angle was reduced to about 18 degrees without any apparent effect on vertical opening or wingspread.
Vee-doors (6.4 m-). Observations were made during six tows with these doors (Table 1) , which were rigged with minimum angle of attack, as normally used aboard the research vessel. Measurements of all three gear parameters were obtained during only one tow with these doors because of problems with the instruments. The available measurements were about the same as those for the 6.0 rn" Waco-doors.
Acoustics and catch
The tests were conducted in a rather small geographic area (Fig. 1) . Most of the data were collected from depths between 100 and 200 m where the type of acoustic recordings and species composition, as well as the size composition of the cod and haddock, were relatively homogeneous. Cod and haddock were recorded from the bottom up to about 50 m, but the largest concentrations were near the bottom. The cod were mainly in the length range of 35-55 ern, while most of the haddock were 25-45 cm. The acoustic results were mainly from the 100-200 m depth zone except when specifically noted as being from the 200-300 m zone. The recordings at these greater depths were generally closer to the bottom and the fish were somewhat larger.
Size and species composition of the fish in "pelagic" recordings above the headrope were assumed to be the same as those in the bottom trawl catches. According to Hylen et al. (MS 1985) , this is a rough assumption, but limited variation in vertical distribution has a negligible effect on the analyses.
Day-night variations. The relative amount of the total integrator value in the bottom channel was assumed to reflect the vertical distribution of the fish. The mean percentages of the integrator values in the 4 m bottom channel are given on a time axis (GMT) in Fig. 3 , together with the cod and haddock catches. There was a slight tendency for fish recordings to be concentrated in the bottom channel during the day and also to some extent at midnight. The 10-m bottom channel observations (not shown) were fewer and more difficult to interpret. There was great variation in catch size (Fig. 3) , with the cod catches being largest just before dawn and early in the day and the haddock catches showing a less prominent maximum just before dawn. There was no significant correlation between the relative contribution of the integrator values from the bottom channel and catch sizes.
During the cruise, two short experimental surveys were conducted, one during the night (2207-0400 GMT) and the other du ring daylight (0730-1215 GMT). The cruise tracks were approximately the same and the depth of the area was mainly between 100 and 200 m. The corresponding day and night integrator values were as follows: Vertical distribution and fish density. The linear relationsh ip between pelag ic integ rator val ues and total integrator values indicates that the amount of pelagically-distributed cod and haddock is dependent on the total density of these species. This impression is further illustrated in the plot of relative bottom channel integrator values against total integrator values (Fig.  6) . The bottom-channel percentages decrease rapidly All of the day values except two were larger than the corresponding night values, and the mean day value was 2.8 times greater than the mean night value.
Consideration of all data for the cruise by depth zone for day and night recordings resulted in the following mean integrator values (numbers of observations in parentheses): (14) 37 (189) 28 ( 31)
The data include both day and night values. The closeness of the points to the line of y = x indicates that
The plot of the pelagic integrator values against the total integrator values (4-m bottom channel) (Fig.  5) indicates a highly linear trend, for which the regression was calculated to be For the 100-200 m depth zone, the results were similar to those from the short surveys, with the mean day value being about five times higher than the corresponding night value. However, the day-night difference at 200-300 m was not noteworthy. A plot of the mean integrator values (with standard deviations) from the 100-200 m depth zone on a time scale (Fig. 4) clearly demonstrates an increase in the early morning and a decrease in the afternoon, but the standard deviations were quite large. Door-spread and bridle angle. The high doorspread/wing spread ratio with the 7.5 m 2 Waco-doors and the 40 m bridle resulted in a very high bridle angle (about 25 degrees). At such high bridle angles, the herding efficiency of the bridles is reduced and this may result in a strong size-selection effect (Carrothers, 1981; Wardle, 1977 Wardle, ,1983 . In addition, with such high bridle angles, it is most probably that the sand-clouds pass well outside the wings of the trawl, thus reducing the important herding effects of sand-clouds (Main and Sangster, 1981a, 1981b; Korotkov, MS 1984) . The lower bridle angles with the two smaller doors, and especially with 80 m bridles, may result in higher sand clouds and better bridle-herding efficiency.
slack (Wathne, 1977) to allow the bobbins to make good contact with the bottom. However, when the trawl is grossly overspread, the groundrope is probably too taut to make good bottom contact along its entire length. This may provide avenues of escape below the bobbins for those species of fish, such as cod and flatfishes, which exhibit a downward escape reaction (Harden-Jones et et., 1977; Main and Sangster, 1981 b: Korotkov, MS 1984) . en with increasing total integrator values. There is only a slight tendency for the frequency of high integrator values in the bottom channel to increase with increasing total integrator values (Fig. 7) .
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Trawl dimensions
The observations on trawl performance revealed several aspects of the geometry and performance of the gear that could have reduced its efficiency for sampling different species and size-groups offish, and may explain some of the ship-to-ship differences which have been observed during routine surveys.
Vertical opening. This parameter varied from 3.5 to 4.2 m during the experiment (Table 1) . These values are well below the operating height of 6 m which has been assumed in calculating abundance and biomass from trawl surveys (Hylen and Nakken, MS 1983) . The relatively low vertical opening may have reduced the efficiency of the trawl in situations where concentrations of fish extended several meters up into water column. Different vertical reactions of cod and haddock in the catch zone of the trawl may also affect the species composition of catches. Haddock have been observed to rise and enter the trawl at a higher level than cod, and they may possibly escape above the headline (Main and Sangster, 1981 b) .
Identification of "bad" tows. During 5 of the 28 tows, the measurements indicated that the gear was not fully spread or was not on bottom for a substantial part of the tow. When the gear was not fully spread, post-tow examination showed scratches and mud deposits on the bracket and often on the top of one or both doors, indicating that the doors had collapsed and caused an unusually low spread (these measurements were not included in Table 1 ). The instrument also detected unsatisfactory contact of the trawl with the bottom. This occurred when echoes were received from the groundrope, which, for proper fishing, should have been well behind the headline and not giving an echo.
Trawl measurements from some tows during routine surveys (Engas and West, 1987) showed about the same relative frequency of "bad" tows as mentioned above. Without instruments, these tows would have been considered as "normal" tows and used in the estimation of abundance and biomass without adjustment.
Wing-spread. Measurements with the 7.5 m 2 Waco-doors indicated a rather large spread (about 20 m) for a trawl with a 29 m headrope, implying that the gear may have been overspread. In addition to the effect which different wing-spreads may have on catching efficiency, overspreading of the trawl may affect the bottom contact of the bobbins. Most of the towing strain on a well-tuned bottom trawl is taken by the headrope, with the groundrope being somewhat
Acoustic and catch
The acoustic recordings were made under rather favorable conditions, with the catches consisting mainly of cod, haddock and flatfishes. The problem of separating cod-haddock recordings from other fish traces was generally small, but, when present, the effect on results was assurned to be limited. The bottom channel was set to 4 m, which was shown to be the maximum height of the trawl during the first tows.
A prominent vertical day-night migration may influence the bottom trawl catches and hence the codhaddock estimates of abundance in the Barents Sea from both the acoustic and bottom trawl surveys. During this experimental cruise, no prominent vertical mig ration of species was observed. It must be stressed, however, that the duration of daylight and other environmental factors change very much during the year at these latitudes, and, consequently, fish behavior may vary seasonably.
The cod and haddock catches (kg/hr) tended to be maximum at dawn and in the early morning. This could not be linked to a corresponding increase in abundance on the bottom from acoustic data. Detection of fish close to the bottom (dead-zone) is a limitation of abundance estimation by acoustics (Johannesson and Mitson, 1983) . A vertical migration in and out of the dead-zone could explain the lack of correlation between catch and acoustic abundance. However, such explanation is not possible here, because there was evidently no vertical migration of fish above the dead-zone (Fig. 3) . The lack of correlation between catch and acoustic abundance may be due to considerable variation in catchability during day and night trawling, i.e. different behavior in relation to the gear. This may have an effect on the results from trawl surveys and should be investigated further.
The most prominent and surprising difference in day-night results was the great discrepancy between the day and night integrator values at 100-200 m (Fig.  4) . Day values were also much higher than night values during the short surveys in 100-200 m, the two exceptions being in an area where the depth approached 300 m. As the phenomenon was observed in the shallow depth zone only, an explanation may be that fish in such depths have a ship avoidance reaction during the night (possibly influenced by light from the ship), whereby their target strength is reduced. Soundinduced ship avoidance effects were reported by Olsen et al. (1983) . A considerable portion of the acoustic data was obtained while the ship was trawling at slow speed. However, the ship's influence on fish may be less at cruising speed. The day-night effect on acoustic estimates of cod and haddock abundance in shallow water is obvious, and the problem should be investigated further.
The integrator output results clearly show that the vertical distribution of cod and haddock is dependent on the total density of the two species. The linear regression (Fig. 5) is greatly dependent on the higher integrator values and indicates that about 90% of the integrator values were pelagic. A better indication of the vertical distribution at the lower fish densities is shown in Fig. 6 , where up to 100 % of the fish are found in the bottom channel. The bottom channel integrator values tend to increase towards a limit with increasing total values (Fig. 7) . In conclusion, when densities of cod and haddock are low, they will be mainly concentrated close to the bottom and greater proportions of the stocks will be available to the bottom trawl than under high densities. Consequently, the abundance indices from bottom-trawl surveys at high fish densities will probably be too low relative to the estimates at low fish densities.
